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A data processor (204) is described, "Hie 
data, processor ( 104) is cspa&le of deccsiissg and 
eseciiSing a fireJ insmjction <212) of a Sret in- 
smicJjon set and & second insmjcuon (213-219) 
in s second instnictiOfi set whsrsin Ehe first in- 
ssrucsion (212) and secossd i£3strwction .(2.i3- . 
219) originate ft<xn s siagk corrspatsr piegrsffl 
{220, 223). Ateraadvely. the data processor 
(164) can also execute s first isstruction (2i2) 
of s first insiroctioa seJ in & Srst iasmscdcm set 
niode, receive s ^ixst snscnupsson sr^diestion in 
she Srss insjnsctiosi set mode, semes fbt Srst isj- 
tcmiptiot! ifjdicatiojs in s second instnsction sef 
sjisxis, retJJiJ) io she Jim instnjcdon set mode, 
receive a sscorsd interrspiti(»t SffiUcadcn in tise 
first instmction set ntode, snd ^vice the sec'^ 
cmd sifittmiption Indlt^^don m ^ jSrst initiation set trtode. 
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METHOP AND 4PPAEATUS FOR TRANSITIONING BETWEEN 
INSTRUCTION SETS IN A PEOGESSOR 

FIELD OF THE INVSNTIQN . - 

The present mvention relates to the field of electronic data 
prGGessmg devices. More particularly, the present inventioii relates to 
the operatioii of a data processor. - 

mQKGFsOUm OF THS INVENTION ' 

Traditionally, a processor eouid only accept operating systeiris and 
application programs in 1h.e instruction set for the particular processor. It 
cquid not acGept operating systems and appfeation programs in another 
instruction set Ihus, when processor architecture and instruction sets 
were modified to incorporate technological advancements in a new 
processor, the existirig software base of operatin^^ 
ap|>iication programs could not be utilized. New operating systems and 
appli^tion programs had to be developed. 

One prior processor did have &e capability of accepting an 
application program in one insttuction set {¥AX code) and also accepting 
■mi application pro-am in an earlier instruction set (PDF-1 1 code). . 
However, the prior processor could only mcepi an operating system in 
one instruction set (VAX code) and could hot accept an operating system 
in another instruction set e.g. PDF-11 code. In addition, the prior 
processor could only accept an appiicahon program entirely .in one 
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instruction set, VAX code or PDP-11 code, hut could not aceept an 
applieation prog^rarn with instructions from both instruction sets. Two 
previously unrecognized problems existed with the prior processor. 
First, because the prior processor could only accept an operating system 
in one instruction set (VAX code)^ an entirely new operating system had 
to be developed at a large cost. Existing ftmciionalities of the older 
. operating system could not be utilized even if the technologica! 
advancements did not provide benefits for those functions. Secondly^ 
because the prior processor cotiid only accept an application program in 
one instruction set or another, soflvyrare developers had !^e difficult 
choice of incurring large development costs to develop an entirely new 
application program or forgo the benefits of technological advancements 
offered by a new mstruction set They did not have the option of 
Implementing a new instruciion set where ji^tified by performance 
advantages and utilizing the existing software where justified by cost 
considerations. 

Thus, a processor with the capability of accepting multiple 
operating systetns is needed. What is also needed is a processor with the . 
capability of accepting an appHcation program with instructior^ from 
multiple instruction sets. 

SUMMARY QF THE INVENTIQN 

A novel data prtscessor is described. Hie data processor comprises 
a bus interface tmit capable of receiving a first instruction of a first 
iristruction set and a second instruction of a second mstruction set. Tne 
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first instniction and the seasnd mstr«ctidri originate from a single 
computer program. The data processor also comprises an internal bus 
GQupied to the bus interface iinit capable of transmitting the first 
instruclion of the first instmction set and the second instruction of the 
second instruction set from the bus interface unit and also compiises an 
instruGtion unit coupled to the internal bus capable of decoding and 
executing the htst instruction of a first iifestruction set and the second 
instruction of a second ii^ftructiOn set* . . 

Under a first embodiment, ^e instruction unit comprises an 
instruction cache coupled to the internal bus capable of storing the first 
instruction and the second instructioxv a first decoder coupled to the 
itistruetion cache capable of dc'coding the iSrst instruction of the first 
instmction set, a second decoder coupled to the bistructipn cache capable 
of decodmg the second mstruction of the second instruction set, a 
multiplexor coupled to the first decoder and the second decoder capable 
of selecting Irorn the first decoder and the second decoder in response to 
a signal, and an execution unit coupled to the multiplexor capable of 
executing a selected decoded instruction from the multipiexor. The 
instmction. unit can further comprise an instruction set mode selector 
coupled to the first decoder, the second decoder and the multiplexor 
capable of transmitting the sig^ial to the multiplexor in resporuse to an 
Instruction to switch a current mode from the first decoder or the second 
decoder. 

Under a second embodiment, the iristruction iHtit comprises a first 
instruction cache coupled to the internal bus capable of storing the first 
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instruction> a fiist decoder coupled to tiie first mstructlon cache capable 
of decodmg the first instruction, a fet execution unit coupled to the fitst 
decoder capable of executing the'first instruction, a second instruction 
cache coupled to intemal bus capable of storing the second 
instruction, a second d«:oder coupled to the second instruction cache 
capable of decoding the second instruGtion, a?id a second execution tmit 
coupled to the second decoder capable of executing the second 
instruction. The first execution unit is responsive to a signal to initiate 
execution and the second execution unit is responsive to the signal to 
initiate execution. 

Under a third embodiinent, the instruction unit comprises a 
translator coupled to the internal bus capable of translating the first 
instruction of the first instruction set into corresponding instructions of 
the second instruction set an instfuction cache coupled to the internal 
bus and coupled to the translator capable of storing the second 
instruction of the second instruction set and capable of storing the 
corresponding instructionsof the second instruction set, and an 
execution tinit coupled to the ins^ction cache capabie of executing the 
second instruction of the second mstruction set and capabie of executing 
the Goiresponding instructions of the second instruction set. The 
instruction unit can further comprise a decoder coupled to the instruction 
cache capable of decodihg the second instruction of the second 
instructidn set and capable of decoding the corresponding instructions of 
the second instruction set. The processor can further comprise a control 
read only memory device storing microcode instructions. The translator 
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receives the microGode mstractiom to translate the first instmetion of the 

first instmction set into corresponding mstructions of the second 
instruction set 

A snethod for executmg instructions of a computer progism in a 
processor is also described. The method comprises executing a first 
instruction of a first instruction set, executing a first switch instruction, 
switching from a first instruction set mode to a second instruction set 
mode^ and executing a second instniction of a second instoiction set The 
method can further comprise executir^ a secot\d switch mstruction, 
switching from the second instniGtion set mode to the first instniction set 
mode, and executing a second instruction of the first instruction set. 
Altemativ;eiy> the method can comprise executing a first instruction of a 
first instruction set in a first instruetiDn set mode, receiving a first 
interniption indication in d\e first iivstruction set mode, servicing the fitst 
interruption indication in a second instruction set mode, returning to the 
first instractiors set mode, receiving a second interruption indication in 
the first instruction set mode, arid servicing the second interruption 
indication in the first instruction set mode. Servicing the first 
interruption indication in a second instruction set mode can comprise 
determining the first interruption, determining a descriptor entry number 
for the first intentiption, storing a 64 Isit intencept gate associated with 
the descriptor entry number whetein the intercept gate 
meinojy address, and executing a service routine in the 64 bit instruction 
set mode for the first event starting at the memor)' address. Servicing 
said second interruption mdication in the first instruction set mode can 
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coiTiprise determining the second Interruption, determining a descrip^r 
entry number for the second intermption, storing a, descriptor gate 
associated with the deseriptor entry number wherein the descriptor gate 
refers to a memory address, and exeeyting a service routine in the 16 and 
32 bit instruction set mode for the second event starting at the memory 
address. 

BmgF ps&c R iP TioN OF T m dra w in gs 

The present invention is ilii^trated by way of example, and not by 
way of limitation, in the figures of the accompanying drawings and in 
which like reference nijmerals refer to similar elements and in which: 

Figure 1 illustrates in block diagram form a computer system of 
one embodiment of the present; invention. 

Figure 2 illustrates an application program executed by a 
processor of a second embodiment of ihe present invention. 

Figure 3 illustrates in block diagram form a processor of a third 
embodiment of the present invention. 

Figure 4 illustrate in block diagram form a processor of a fourth 
embodiment of the present invclntion. 

Figure 5 illustrates in block diagram form a processor of a fifth 
embodiment of the present invention. 

Figure 6 illustrates in block diagram form a processor of a sixth 
embodiment of the present invention. 

Figure 7 illustrates in block diagram form a processor of a seventh 
embodiment of the present invention. 
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. DETAILED DESCKIFTION .• ' - ' . ' / 

A novel data processor eapabfle of transitioi4ng between . 
mstmction sets described.. In the following detaileid description 
numerous spedfic details are set forth in order to provide a thorough 
understanding of the present inventidn. However, it will be understood 
by those skilled in the art that the present invention may be practiced 
without these specific details; In other instances well known methods, 
procedures, components, and circiats have not been described in detail so 
as not to obsciire tJje present invention. 

Some portions of the detailed descriptions which follow axe 
presented in terms of algorithms and symbolic representations of 
operations on data bits within a computer niemory. These algorithmic 
descriptions and representations are the means teed by those skilled in 
the data processing arts to most effectively convey the substance of their 
work to others skilled in the art. An algorithm is here, and generally, 
conceived to be a self ^consistent sequence of steps leading to a desired 
result. The steps are those requiring, physical manipuiatior^s of physical 
quanHties. Usually, though not necessarily, these quantities take the 
form of electrical or magnetic signals capable of being stored, transferred, 
combined, compared, and otherwise manipulated. It has proven 
convenient at times, principaiiy for reasons of common usage^ to refer to 
these signals as bits, values^ elements, symbols. Characters, terms, 
numbers, or the like. It should be borne in mind, however, that all of 
these and similar terms are to be associated with the appmpriate physical 
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quantities and are merely eonvenient labels applied to these quantities. 
Unless specificaUy stated otherwise as apparent from the following 
discussions, it is appreciated that throughout the present invention, 
discussions utilizing terms such as "processing" or "computing" or 
"caletiiating" or "determining" or "displaying" or the like,, refer to the 
action and processes of a cdmputef system, or similar electronic 
computing device, that manipulates and transforms data represented as 
physical . (electronic) quantities within the computer system's registers 
and memories into other data similarly represented as physical quantities 
within the computer system memories or registers or other such 
information storage, transm^sion or display devices. 

Figure 1 illustrates in block diagram form a computer system of 
one embodiment of the present invention. The computer system 
comprises bus 100, keyboard interface 101, external memory 102, mass 
storage device 103 and processor 104. Bus 100 can be a single bus or a 
combination of multiple buses. As an example, bus 100 can comprise an 
Industry Standard Architecture (iSA) bus, an Extended Industry 
Standard Architecture (EISA) hm, a system bus> a X-Bus, PS/2 bus, a 
Peripheral Components Interconnect (PCI) bus^ a Personal Computer 
Memory Card International Association (FCMCL4) bus or other buses. 
Bus 100 can also comprise combinatioris of any buses. Bias 100 provides 
conynuracation links between components in the computer system. 
Keyboard cohtroEer 101 can be a dedicated device or can reside in 
another device such as a bus controller or other controller. Keyboard 
controiler 101 allows coupiing of a keyboard to the computer system and 
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transmits signals horn a keyboard to the computer system. External 
memory 102 can comprise a dyiiamic random access memory (DRAM) 
device, a static random access memory (SRAM) device, or other memory 
devices. External memory 102 stores infonriation irom mass storage 
device 103 and processor 104 for use by processor 104. Mass storage 
device 103 can be a hard disk dri ve, a iloppy disk drive, a CD-KOM 
device, or a flash memojy device. Mass storage device 104 provides 
information to external memory 102, Processor 104 can be a 
microprocessor and is capable of decoding and exectiting a computer 
program such as an application prograirt or operating system with 
instructions from multiple instruction sets. . 

Figure 2 iiiustrates a computer program executed by a processor of 
a second embodiment of the present invention, "The computer program 
comprises instructions 210 of a fkst.instruction set and instructions 211 of 
a second instruction set. The first instruction set can be an instruction set 
for a complex instruction set computing (CISC) processor or an 
instruction set for a jneduced insfiruction set compu&ig (RISC) processor. 
The first instruction set can also be a 16 and 32 bit instruction set or a 64 
bit instruction set. The second instruction set is an instruction set 
different from the first instruction set. it can be a RISC instruction set or a 
CISC instruction set It can also be a 64 bit instruction set or a 16 and 32 
bit ijistruction set it will be appreciated that ttte first and the secopd 
instrudion sets can be instruction sets of other types. 

Instructions 210 comprises switch instruction 212. Processor 104 
decodes and executes individual instructions of instructions 210. The 
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indmdual mstructioiis of instructioji 210 came from the first instrUctioR 
set. Thus, processor 104 decodes and execu^ the mdividtiai instructions 
in the first iristrtictiori s:et mode. When processor 104 decodes and 
executes switch instruction 212, processor 104 switches from the first 
sr^struction set mode to the second irKtruction set mode. In this example, 
switch inslniction 212 is a jrhpx foliowed by a value. This value can be 
converted by processor 104 to an address which indicates the location of 
the next instruction for decoding an execution by processor 104. In this 
example, the address is 4,000. The proce^or then decodes and executes 
instructions beginiiing at address 4,000 which also marii^ the beginning 
of instructiom211. 

Instructions 211 comprises of individual instructions of the second 
instruction set Having already switched to the second instruction set . 
mode, processor: 104 proc^ds to decode and execute instructioris of the 
second instruction set. When processor 104 decodes and executes move 
from instruction 213, processor 104 writes a value in a specified register 
of the first instruction set to a specified register of the second instruction. . 
set The term x86 used in foDowing description refers to the Intel 
ArchitecttHe developed by Intel Gprpprati^ 

The x86mf insfeructioti instructs processor 104 to move a value in a 
specified x86 integer register to a specified 64 bit integer register. 
Processor 104 then performs operations using the value in the 64 bit 
integer register. When prwressor 104 decodes and executes move to 
instruction 214, processor 104 loads a value in a specified register of the 
second instmction set to a specified register of the Brst instruction set. 
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The x86mt instmcti«>n instructs processor 104 to load a value from a 
specified 64 bit integer register to a specified x86 integer register. When 
processor 104 decodes and executes x86smf instroctior\ 215, processor. 104 
ioads a value from a specified x86 segment selector or descriptor i^gister 
to a specified 64 bit integer register: Processor 104 then performs 
operations using the value froin the specified x86 segment selector or ■ 
descriptor register. When processor 104 decodes and executes x86smt 
instruction 216* processor 104 loads a valiie from a specified 64 bit integer 
register to a specified x86 segment selector or descriptor register. When 
processor 104 decodes and executes x86fmf instruction 217, processor 104 
loads a value from a specified x86 floating point register, floating point 
control, sktus or exception register to a specified floating point register 
for the second instruction set Processor 104 then performs operations 
using the value from the specified floating point register^ floating point 
control, status or exception register. When processor 104 decodes and 
executes x8§fmt a^truction 218, processor 104 loads a value from a 
specified floating point register of the second instruction set to a specified 
x86 floating point register, floating point control, status or exception 
register. When processor 104 decodes and executes switch instruction 
219, it switches to the first instruction set mode and executes inliructions 
beginning firom a specified address.. 

In this example, switch instruetion 219 is x86jmp and the specified 
address is 1011, Table 1 stanmarizes the pK)cessor instructions that can 
be accepted by processor 104. The specific instructions in Table 1 an their 
featuf es are detailed for illustrative purposes only, it wHl be appreciated 
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that Other insftructions which incorporate certain features of ftie present 
inventioB call also be utilized. 
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TABLEI 



EVRET 

Format: 
Descdption; 



ExeeptioHs: 



evret 

The EVRET instruction is used So returri from event handlers> it also 
cm be used to dispatdi procesising at lower privilege levels. EVRET 
restores the target execution environment contained in XIPl and 
XPCRl into XIP and XPCR. EVRET is a privileged instructjon. 

EVRET ensiires: 

1) ail changes to XPCR and the TLB that affect the fetching of 
instructions from the instruction streatn are visible by the next 
instructipn boimdary; 

2) all changes to XPCU and the TLB that ^sffect the actual execution of 
an ir^truction are visible by the next insfcructidn boundary; 

3) and ali changes to operand resources (those resources within the 
processor that can be input operands to subsequent instructiohs) are 
vUsble by the next instruction bound 

EVRET ensures all previous instructions are completed. EVRET also 
ensures subsequent instructicms fetching and. execution uses the 
updated values of XPCR and the TLB. Note: EVRET does not perfonn 
a memory fence operation nor is fu^l seriaikation perf cirmed like the 

SRL2 imtruction. 

On x86 compatible implementations, EVRET returns control -to either 
the X86-1SA or 64-bit ISA as specified by XPCRiiSA. If control is 
resumed in the x86 ISA, and the target XIP exceeds the CS limit, a x86 
GFFault is reported on the target x86 ISA instruction. If XPCRl.dS6i 
or XPCR.d86r is set fee EVRET is coinpleted and a Disabled x86 ISA 
or Disabled x86 Register fault is generated on the target instruction. 

Similarly, if control is beii^g resumed in the 64~bit iSA and XPCRl. dxi 
is set, EVRET is completed and ^ Disabled ^^-bit ISA fault is 
generated on the twget mstruction. 

Note: 64-bit event delivery arsd EVRET do not save or restore the 
previous value of CS, It is software's responsibiEty to save/restore CS 
if it is modified within the event handler.. 

Privileged Inshiictipa Fault, GPFault, Pisabled x86 ISA fault, EHbabied 
64-bit ISA fault Disabled x86 Renter fault, i^served field faidt 
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XS6TMP 



Jiimp arid Chasige to x86 ISA 



Format; x86imp re/27 
x863mp isrcl 

D>escri|>tl.On: The processor switches execution to the x86 instruction set, and 
executes the next instruction at the target address. The reiative form 
computes the target address in the 64-bit ISA relative to the c\srrej^t 
XIP and Code Segment base, i.e. XIP=XIP -CS_base. Note 

that the target instruction pointer is converted into the effeetive 
address spaee; re?l7 is sign extended and mu^^ The 
target XiP is bimcated to 32-biis. 

The register form performs a far control transfer by ioading the code 
segment specified by the 16-bifc selector in isrcl [47:32] and the 32^bit 
offset sp€cifi«i m tscrl /32;0J. If EFLA.GS.VM86 is set the processor 
shifts the 16-bit selector left by 4-bits to load the CS ba.se. If 
EFLAGS.VM86 is zero the processor loads the CS descriptor for the 
.LDT/G0T and performs segmentation protection checks. The 
target XIP is truncated to 32-bit5. 

X86JMP can be performed at any privilege level and does not 
change the privilege level of the processor. 

If the targibt XIP exceeds the CS limit/ a xS6 GPFault is reported on 
the target instruction. CS segment protection faults are reported on 
the target instruction. Gate descriptors are not allowed and resiilt in 
' a GPFault on the target instruction, if XPCR486j or XPCR.d86r is 
set the instruction is iiuIEfied and a Disabled x86 ISA fault or 
Disabled \B6 Register fault is generated on the XS6JMP instruction. 
If jump Breakpoints are enabled a jump Debug trap is taken after 
the instruction coHipletes. 

Ck 64-bit only subset impiementations, X86|MP causes a reserved 
opcode fault * . 

Hxcepticssjs: Disabled x86 ISA Fault, Disabled x&6 Register Fault, GPFault, 
Reserved Opcode Fault, Debug jump Breakpoint 
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X86MT 



Fcsrmal; 



Move to x86 Kegister 



x86mt isrcl, dest 



Description; The. x86 32-bit integer register specified by dest is loaded 
from the 64rbit extension integer register isrcl. Trarisfers 
to the x86 32-bit integer registeris are tnincated from the 
' low order 32-bits of isrcl. x86 16-bit and S-bit ^iib- 
registers (AX, AL, etc.) cannot be accessed separately. 

if x86 registers are disabled to XPCR.d86r, a Disabled 
x86 register fault is generated. Accesses to reserved 
registers results in a reserved opcode fault. On 64-bir 
only subset implementations X86MT causes a reserved 
opcode fault. 

Excepliom: Disabled x86 register fault/ 
Privilege Instruction fault 
Rieserved Opcode fault 



X86MF Move f rbist xS6 Register 

Format: x86mf $rc2, idest 

Description: The x86 32-bit integer register specified by src2 is written 
into the 64:-bit extension integer register idesi. The 
destinalion register is zero extended to 64-bits. x86 8-bit 
and 16-bit sttb-registers (AX, AL, etc.) cannot be 
separately accessed. 

If x86 registeis are disabled by XPCR.dSSr, a Disabled 

x86 register fault is generated. Accesses to reserved 
registers results in a reserved opcode fault. On 64-bit 
only subset implementations X86MF results in a 
reserved opcode fault. 



Exceptions: 



Disabled x86 register fault. 
Reserved Opcode Fault. 
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Format: 



Move Id x86 Segment 



Legister 



>c86smt isrc2, de$t 



xcephons: 



The x86, 64-bit segment selector or descriptor register 
specified by dest is loaded from the 64-bit extension 
integer register isrc2. Transfers are tnjncated to the 
destination register size. 

This instruction can only be executed in kernel mode 
eise a privilege instruction f auit results. 

If xS6 registers are disabled by XPCR.d86r a Disabled 
x86 register fault is generated. Accesses to resen,'ed 
registers results in a reserved opcode fault. On. 64-bit 
only subset implementations X86SMT results in a 
reserved opcode fault 

Disabled x86 register fault. Privileged Instniction fault. 
Reserved Opcode fault. 



x86SMF Move torn x86 Segme^it Register 

Format; x86smf sre2> idest 

pesciiption: The x86 64-bit segment selector or descriptor register 
specified by src2 is loaded into the 64-bit extension 
integfer register idest. Transfers are zero extended from 
16 or 32-l?its to 64-bits. 

H x86 registers are disabled by XPCR.d86r, a Disabled 
x86 register fault is genergited. Accesses to reserved 
registers results in a reserved opcode fault. On 64-bit 
only subset implementations x86SMF . results in a 
reserved opcode fault. 



Exceptions: 



Disabled x86 register fault. Reserved Opcode fault. 



W0 96/24S9S 



FCT/US96/91516 



47- 



Move to. x86 Eegisl^ 



Fonnat: x86fmt fsrcl; dest 



ion: The x86 80-bit floating point register or 32/16-bit 
floating point control, status or exception register 
specified by dest is ioaded from the extension floating 
point register fsrcl. Dest is an absoiute register id, not 
stack relative. 



Traiisfers from the extension 80-bit floating point 
registers to the x86 floating point stack are converted to 
the )(86 8P-bit floating point format. Software must first 
issue FNORM on the extension register to normalize any 
unnormalized single or double precisions subnormals 
before tiie trarofer is. performed. • 

Transfers to the 16/32-bit floating point control, status 
and exception registers are truncated from the low order 
32 /16-bits of ^ significand of J%r£:2> 

If x8& floating point registers are disabled by XPCR.d86f, 
a Disabled x86 floating point register fault is generated, 
H the extension floating point registers are disabled by 
XPCR.dxf then a Disabled Floating Point fa^ult is 
generated. 

Accesses to reserved registers results in a reserv'ed 
opcode fault. On 64-bit only subset implementations 
x86FMT yields a reserved field fault. , . 

Disabled Floating Poiiit Faylt, Di$abled x86 Floating 

Point register fault, > . 

Reserved Opcode Fault. ■ - 
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xS6FMF . Fioating Point Move from x86 Regisfsr 

Formal: x86fmf src2,fdest 

pescriplion: The x86 80-bit floatirig point register or 32/16-bit 
floating point control, statiis" or. ex€eption register 
specified by src2 is loaded into the 80-bit extension 
floating point register /4esi, Src2 is an absolute register 
idi/ not stack relative. 

. Data transferred from the x86 80-bit floating point stack 
to the extension registers are converted to the extension 
register format. 

Transfers from the 16/32-bit floating point control, 
status or exception registers are zero extended to 64-bits 
and then written into the significand oifdest The sign- 
exponent field of /desf is written with zeros. 

if x86 floating point registers are disabled by XPCR.d86f, 
a Disabled x86 floating point register fault is generated. 
If the extension floating point registers are disabled by 
XPCR.dxf a Disabled Floating Point fault is generated. 

Accesses to reserved registers results in a reserved 
Opcode fault. On 64-bit only implementations, X86FMF 
yields a Reserved Opcode Fault. 

Exceptions: Disabled Floating Point fault, Disabled x86 Floating . 
point register fault. Reserved Opcode Fault. 
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Jump and Change te 64-bit ISA 
Format; jmpx reB2/16 

jmpx rjmyittS ' 
Descriptlpm Hae processor jumps and execution begins at the target 
^ mstruGtiori in the 64-bil ISA. There are two forms; 

i^gister/memoiy iridirect and relative. 

Tlie relative form computes the target address irt the 64- 
bit ISA relative to the current XIP and Code segment 
base, i.e. XIP=:XIP+reB2/2 6 + CS^ase. Note that the 
target instractjon pointer is converted in the linear 
address space. The target XIP is truncated to 32-bits. 

Hie indirect form reads a register or memory location 
specified by rlm32/16 and sets the linear target 
instruction pointer to that value. The target XIP is 
truncated to 32-bits. 

]MPX can be performed at any privilege level and does 
, not change the privilege level of the processor. JMPX 

ensures all outstanding x86 floating point operations 
have completed. 

If XPCR.dxi is set, the instruction is nullified and a 
Disabled 64-bit ISA fault is generated. If 64-bit 
extensions are disabled, JMPX is an illegal x86 ISA 
opcode. If Jump Breakpoints are enabled, a Jump Debug 
trap is taken after the instructions completes. 



Excepiiom: Disabled 64-bit ISA fault, illegal Opcode Fault, Debug 
Jiiinp Breakpoint. . 
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Intetrupt Retnxn 

iret 

If 64-bit extensions are enabled, IRIT returns control to either the 

X86-ISA or 64-bit ISA as specified by XPCR.ISA in the stack frame 
before IRET is exeeuted. lEET uses the extended x86 stack frame 
shown below. 



OidESP 



— New ESP 

While 64-bit extensions are enabled, IRET performs as specified in 
the P5 PRM, wi^ the foUowing modifica^ 

.1) XPCR[63:16] is popped in place of EFLAGS. XPCR|15:2] is left 
unmodified. 

2) XPCRf liO} is set to the target CPL of the original environment, i.e. 
the lower 2-bits of the popped CS selector . 

3) XiPiairQ} ^ popped in place of EiP. XIP[63;32] is set to iero. 

If control is resumed in the x86 ISA, and the target XIP exceeds the 
CS limit, a x86 GPFaiiit is reported on the IRET instruction. If the 
new XPCR.d86i or XPCR*d86f is set, IRET is nullified and a 
Disabled x86 BA fault or Disabled x86 Register fault is generated, 

• Similarly, if control is resimted in the, 64-bit ISA and the new 
XPCR,dxi is set, IRET is nullified and a Disabled 64^bit. ISA fault is 
generated, 

IRET serializes instruction execution. 

Exceptions: Ilsabied 64-bit ISA fault. Disabled x86 ISA fault, Disabled x86 
Register fiault, GPFault. 



IRET 

Desciiptson: 



Decreasing 
Addresses 



XPCR[63:32] 



XPCR[31:16] 



CS- 



'XIPt31:0] 
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In this embodiment, the processor has two separate sets of 
registers, one set for the first instruction set mode and one set for the 
second instruction set mode. The x86mt x86mf, xS6smt, x86smt xS6iint 
and xS6fenf instructions are used to instruct the ppxressor to transfer 
values between the two sets of registers. Under.an alternative 
embodiment, the processor oniy has one ^t of registers that Is used for 
both the first instruction set mode and the second instruction set mode. 
In this situation with one set of registers, the x86mt, x86mf , x86smt, 
x86$mf, xS6fmt and x86fmf instructions would not be used* 

Under a second embodiment of the present invention, processor 
104 can accept an operating system that is in the first instruction set or in 
the second instnielion set. In this example, the first instruction set is x86 
code and the second instructiQn set is 64 bit code. The term x86 code 
refers to the instruction set utilized by the Mtel Architecture famtiiy of 
microprocessors e.g. 8086, 80286, 80386, 80486 and Pentium 
microprocessors manufactured by Intel Corporation. An example of an 
operating system in x86 code is MS-DOS, When processor ip4 is initiaily 
turned on, processor 104 begins m the first instfuction set mode and can 
accept an operating system of the first instruction set. If an operating 
system of the first instruction set such as MS-EX)S is utilized, processor 
104 remains in the first instruction set mode. On the other hand. If an 
operating system of the second instruction set is utilized, the operating 
system will have a jmpx processor instruction. Upon receipt of the jmpx 
instruction^ processor 104 switches to the second instruction set mode. 



. -22r 

iProcessor 104 then executes the rest of the operating system in the second 
instntction set mode. 

!b this embodiment, processor 104 can also operate from an 
operating system with instructions from both the first instruction set and 
the second instruction set Processor 104 can execute ii^tructions from 
the fii^l instruction set using the firist instructidn set mode and can also 
execute instructions from the second instruction set using the ^orid 
instructioB set mode. The switch from the first instruction set mode to 
the second instruction set mode and Ae switch from the second 
instruction set mode to the first instruction set mode can occur without 
rebooting processor 104 and the rest of the computer system. 

When processor 104 is initialiy powered up, processor 104 can 
operate from either an operatir^ system in the first instruction set or an 
operating system in the second operating system* Prdcessor 104 can also 
operate from a single unified operating system wiudi has insfeiictions 
from the first instruction set and tihie second instruction set Processor 104 
can then execute an appEcation program of the first instruction set. 
While executing an application program of the first instruction set, 
processor 104 can receive an event indication* Hie event can be an 
exception, machine check or interrupt After receiving the ^vent 
indication, processor 104 determines the nature of the particular event. 
Processor 104 determmes thenattire of the particular event by requesting 
the idenlificalion of the device creating the event from a programmable 
interruijt controiler in the computer system. Each device has an event 
line and a number associated with it. Processor 104 then 
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deseriptor entry nximber for the particuiar event. In a x86 operating 
system or an operating system having some x86 operating system 
features along with portions of fi\e operating system in the s^ond 
instruction set, the descriptor entry jHimber is determined by requesting 
the information from the programmable interrupt controller. The 
programmable interrupt controller adds the three-bit binary value of the 
highest active bit in the intemipt service routine register to the base 
addr^s stored in an initialization command word register. Processor 104 
receives the descriptor entiy ntimber and determines the actual start 
memory address for the event by multiplying the descriptor event 
number by four. Processor 104 then retrieves the gate at the start 
memory address fromi a descriptor table and executes the instructions in 
the gate or the instmcittons referred to by Sie gate. 

In an operating system having some x86 operating system features 
along with portions of the operating system in the second instruction set, 
the gate may have a 64 bit intercept. If the gate has a 64 bit intercept^, the 
64 bit intercept will iridude a jmpx proc^sor mstruction along with 
instmctions of the second instruction set or a special bit pattern to switch 
to the second instruction set mode. Alternatively, the |mpx instruction 
and the operating system instructions of the second set or the special, bit 
pattern can be located elsewhere in memory with ah address reference in 
the 64 bit intercept gate* The jmpx instruction causes processor 1G4 to 
switch to the second instmction set mode. The special bit pattern also 
caxjses processor 104 to switch to the second instruction set. mode. 
Processor 104 then executes instructions of the second instruction set in 
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ihe 64 bit intercept. . The mstructions of the second instmciion set in the 
64 bit intercept is an event handiiiig routme for the event which in turn, 
comprises a portion of operating system in the second instruction set. In 
this manner, processor 104 switches from the portion of the operating 
system in iJie first instruction set to the portion of the operating system in 
the ^ond instruction set and switches from the first instruction set mode 
to the second instruction set mode. At the end Of the event handling 
routine, processor 104 receives an evret instruction. The evret instruction 
returns processor 104 from the event handling routine to the application 
program and restores the target execution environment ^ 

On the other hand, if the gate does not ha ve a 64 bit intercept and 
is an x86 gate instead, processor 104 remains in the first instruction set 
mode and does not switch to the second instruction set mode. The gate 
in this case, does not cause a switch to the second itistrurtion set mode. 
A x86 interriipt, cali or task switch mechanism is used. 

Processor 1G4 can also execute an application program of the 
second instruction set. While executing this application program, 
processor liD4 can receive an event indication as in the previous example. 
The event can be an exception, machine check or interrupt. After 
receiving the event indication, pftM^sor 104 determtnes the sourceNol the 
particular event. Processor 104 determines the source of the particular 
event by requesting the identification of the device creating the event 
from a pro^ammabie interrupt controller in the computer system. Eadi 
device has an event line and a niunber associated with it. Processor 104 
then determines a descriptor entry number for the particular event. 
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The descriptor entry number ean be detemimed by requesting the 
mformation from the programmable mtermpt controller. The 
programmable interrupt controller adds the three-bit binary value of the 
highest active bit in the interrupt service routine register to the base 
address stored in an initialization command word register. The 
programmable interrupt controller also transmits information indicating 
the natyxe of the particular fevent The infoitnation which is stored by 
processor 104 in a control register or a plurality of control registers in 
prdcessor 104, Processor 1G4 receives the desctiptor entry number and 
determines the actual start memory address of the handler selector for . 
the event by multiplying the descriptor event number by four. Processor 
104 then retrieves tiie handier selector at tfie start memory address from a 
descriptor table and executes the instructions iii the handler selector. In 
executing the inistructions in the handler seiectdr, processor 104 retrieves 
a value or a plurality of values from one or more control registers in 
processor 104 which indicate the nature of the particular event, From d\e 
value or pluraMty of values> processor 104 detenhines the actua! start 
memory addj^s of the h^dler for the particular event Processor 104 
then retrieves the handler at the start memory address and executes the. 
instructions in the handier or the instruetions referred to by Ste handier. 
Processor 104 executes the instructions in %e second instruction set 
mode. 

Figure 3 Illustrates in block diagmm form a processor of a third 
embodiment of the present invention. Under this embodiment, processor 
104 compmes instruction cache 320, demultiplexor 321;, x86 decoder 322, 
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64 bit decoder 323> multiplexor 324, instrucion set mode selector 325, 
execution tmit 326, register 327 and register 328. Instoction cache 320 is 
coupled to external memory and receives instnictiorts from external 
mempry . The instructions can be instructions of the first instruction set 
or instructions of the second instruc^n set. Instruction cache 320 stores 
the instructions until they are decoded and executed. At the appropriate 
time for decoding an instruction, an individual instruction in instruction 
cache 320 is transmitted through demultiplexor 321. Den^uitipiexor 321 
selects either x86 decoder 332 for decoding ol the instructiQn torn 
instruction cache 320 in tiie first instruction ^t mode or selects 64 bit 
decoder 323 for decoding of the instruction from instriietibn 320 in the 
second instruction set mode. Hie selection of demultiplexor 321. is based 
on the signal received by demultiplexor 321 from instruction set mode 
selector 325. A first signal from instructiori set mode selector 325 causes 
demultiplexor 321 to select x86 decoder 3^ and the first instruction set 
mode. A second signal from instruction set mode selector 325 causes 
demultiplexor 321 to select 64 bit decoder 323 and the second instruction 
set mode. When proces^r 104 initially powers up, processor 104 can 
power up in the first instruction set mode or the second instruction set 
mode depending on the initialization procedures. An ifiitiai value is ' " 
transmitted to instruction set mode selector 325 and instruction set mode 
selector 325 m turn transmits the first signal or the second signal in 
response to the value. 

In this example, processor 104 poweirs up in the first instruction set 
mode. Thus, demuitipiexor 321 initialiy receives a first signal from 



WQ96/24S95 



FCT/USM/0IS16 



-27- . ■ 

mstraGtion set wode selector 325 and selects 
Instructions transmitted from instruction cache 320 through 
demultiplexor 321 is decoded by x86 decoder 322. The instruction is then 
transmitted to multiplexor 324. Like demultiplexor 321/multiplexor 324 
is also controlled by mstruction iset mode selector 325. When multiplexor 
324 receives a first si^iaJ from iitsteiction set mode selector 325, 
multiplexor 324 selects x86 decoder 322 as its input On the other hand, 
when multiplexor 324 receives a second signal from instruction set mode 
selector 325* multiplexor 324 selecte 64 bit decoder 323 as its input. 

After multiplexor 324, the instruction is then transmitted to 
execution unit 326. Execution unit 326 executes the decoded instruction. 
Execution unit 326 can receive instructions from x86 decoder 322 or 64 bit 
decoder 323. Execution imit WLb is also coupled to registeir 327 which 
store values when procesKsr 104 is in ^e first instruction set mode. 
Execution isnit 326 is also coupled to register 328 which stores values 
wheri processor 104 is in the second instruction set mode. Thus, in 
response to a x86mi x86smi or x86fmf insferuction/ execu^on tmit 326 can 
retrieve vaities f roin reg^ter 327 for use wMle executing processor 
Instructions of She second instruclion set. Likewise, in response to a 
x86mt, x86smt or x86fmi instruction, execution unit 326 can also store • 
values into register 327, When x86 decoder 322 decodes a Jmpx 
instruction, x86 decoder 322 sends a switch instruction to instruction set 
mode selector 3!25» In r^poxise to iiiis signal, insh^ction set mode 
selector 325 transmits a second signal to demultiplexor 321 and 
midtiplexGr 324. This second signal causes demultiplexor 321 to transmit 
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instructions from instruGtioB eaehe 32Q to 64 bit decoder 323, The second 
^signal also causes multiplexor 324 to select as its input 64 bit decoder 323. 
Instnictions from 64 bit decoder 323 are transmitted through muitipiexdr 
324 to execution unit 326. When 64 bit decoder 323 decodes a x86jmp 
instruction, 64 bit decoder 323 transmits a switch signal to instruction set 
mode selector 325. In response to this signal, irstruction set mode 
selector 325 tranaaiits a first signal to demultipiexor 321 and multiplexor 
324. The first signal causes demultiplexor 321 to select x86 decoder 322 
and causes multiplexor 324 to select x86 decoder 322 as its input. In this 
manner, processor 104 returns back to the first imtruction set mode. 

Processor 104 can further comprise a jmpx disable register. The 
jmpx disable register is coupled to x86 decoder 322 or instruction set 
mode selector 325, When the jmpx disable register is se t, the jmpx 
instractioiJ is nullified and a jmpx irKtruction results m a disabled 64 bit 
ISA fault. Processor 104 does not switch to the second instruction set 
mode in response to a jmpx instraetion. likewise, processor 104 can 
further comprise a x86imp disable register. The x86jmp disable register is 
coupled to 64 bit decoder 323 or iiistruction set mode selector 325. When 
^e xS6jmp disable register is set^ the x86jmp mstruction is nulKfied and a 
x86jmp instruction restdts in a disabled x86 ISA fault. Processor 104 does 
not switch to the first instruction set mode in response to a x86jmp 
iiistruction. 

Aitemativeiy, register 327 stores values when processor 104 is m 
the ftrst instruction set mode and also stores values when processor 104 is 

in the second instruction set mode. In this case, register 327 performs the 
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furictior^ of renter 328 and register 328 is eiimmated or incorporated 
into register 327. Thus, because one set of registers is being used, the 
x86mt, x86mf, x86smt, x86smf, x86fmtand x86fmf instnictions would not 
be used. 

Figure 4 illustrates in block diagram form a processor of aiourth 
embodiment of the present invention. Undei" iiiis embodiment, processor 
104 comprises instruction set mode selector state machine 430, Instraction 
cache 432, decoder 433, execution unit 434, register 435, instruction cache 
436/ decoder 437, execution unit 438, and register 439. State madiine 430 
receives instructions from external memory. State machine 43Q selects 
either instruction cache 432 or instruction cache 436 based upon the 
signai received i^om execution unit 434 or execution sinit 438. When 
execution unit 438 transmits a first signal to state machine 430, state 
machine 430 selects instruction cache 432 and transmits instructions from 
memory to instruction cache 432. Processor 104 decodes and executes 
instructions in the first instructipn set mode. When execution unit 436 
transmits a second si^al to state macihine 430, state machine 430 selects 
instruction cache 436 siad transmits instructions from memory to 
instruction cache 436. Here> processor 104 decodes and executes 
instructions in the second instruction set mode. 

Like the ^lird embodiment, when processes: 104 powers up, it can 
power up ift the first instruction set mode or ttie second instruction set 
mode depending on the initialization procedures. If processor 104 
powers up in the first instruction set mode, a first signai is initially sent 
from execution mdt 438 to state machine 430. On the other hand, if 
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prpcessor 104 powers up in the second instruction set mode, a second 
signal is transmitted from execution imit 434 to state madiine 430- 

In this embodiment, processor 104 powers up in the first 
instruction set mode. Thus, an initial value is transmitted to execution 
uriit 438 causing execution unit 438 to trai^mit a first si^al to state 
machine 430. Instructions from external memory is transmiiied through 
state machine 430 to instruction cache 432. Instruction cache 432 stores 
instructions of the first instruction set until the instructions are decoded 
and executed by procesSiOr 104. At the appropriate time, individual 
mstmctions are transtnitted from mstrucfeion cache 432 to decoder 433> 
Decoder 433 decodes iristfuetidns from instruction cache 432. The 
instructions from instruction cache 432 are instructions of the first , 
instruction set. After the decoding of instructions of the first instruction 
set, executjon unit 434 executes Uie instructions. Execution unit 434 is 
Goupled to register 435 and stores values in register 435. 

When execution imit 434 executes a jmpx instruction, execution 
unit 434 sends a second signal to state machine 430. In response to the 
secoed signal, state machine 4S) seiecte ir^truction cache 436 as the 
destkta^on for following individual instructions, the subsequent 
individiial mstractions are inslxuc^ons of the second instruction set. 
Instruction cache 436 stores the individual instructions from external 
memory- At the appropriate time, decoder 437 retrieves individual 
instruciipns from imtoiction cache 436 and decodes the instructions* 
Execution unit 438 then executes the decoded instructions from decoder 
437 in the second instruction set mode. Execution unit 43S is coupled to 
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register 439 and si»res valties in register 439, Execution unit 438 is also 
CQiipled to execution unit 434 which is in turn coupled to register 435. 
Thiis> in response to a x85mf , x86smf , or x86fmf instruction^ execu tion 
lanit 438 can retrieve values from register 435 for use while executing 
processor iristructions of the second instruction set Likewise, in 
respdhse tp a x86tnt, x86srrit or xS6frrit instruction, execution unit 438 can 
also stQre values into register 435, Whisn execution unit 438 executes a 
x8il|inp instruction, it sends a first signal to state miachine 430. In 
response to the first signal, state machine 43^) then seiecte instruction 
cache 432 for subsequent instructions from external memory. In this 
manner, processor 104 can switch back to the first instruction set mode. 

Processor 104 can foitiier compri$e a jmpx disable registe 
jnipx disabie register is coupled to execution unit 434. When the jmpx 
disable register is set, the jmpx instruction is ntillified and a jmpx 
instruction results in a disabled 64 bit ISA fault. Processor 104 does not 
switch to the second instruction set mode in response to a jmpx 
instruction. Likewise, processor 104 can furthcfr comprise a x86jmp 
disable register. Ihe x86Jmp disable register is coupled to exeeuiion unit 
438. When tiKe x86|mp disable register is set, the x86jmp instruction is 
nullified and a x86jmp instruction results m a disabled x86 ISA fault. 
Processor 104 does not switch to the first instruction set mode in response 
to a x86imp instruction. 

Alternatively, re^ster 435 is coupled to both executton tmit 434 
and execution unit 438. Register 435 stores values when processor 104 is 
in the first instruction set mode and also stores values when processor 
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104 is in the second instruction set mode. In this case, register 435 
performs the fvmctions of register 439. and register 439 is eliminated or 
incorporated into register 435. Thus, because one set of registers is being 
used, the x86mt, x86mf, x86smt, x86smf, x86fo\t and x86lmf instructions 
would not be ijsed. 

Figure 5 illustrates in block diagram form a processor of a f iMi 
embodiment of the jjresent invention. Under tiiis embodiment^ processor 
"104 comprises demuitiplexor 540, translator 541, instruction cache 542, 
decoder 543^ exeeution unit 544, register 545 and register 546. 
Demultiplexer 540 is coupled to external memory and receive 
instructions from external memory. The instrtictions cah be instructions 
of the first instruction set or instructions of the second instruction set. 
Demuitiplexor 540 selects either translator 541 for translatirig the 
instructions from external memory into ii^true^ons of the second 
instruction set or sel^rts instruGtioh cache 542 for storing the instructions 
from external memory tmtil they are decoded and e^cecuted. The 
selection of demuitiplexor 540 is based on the signal received by 
demuitiplexor 5^ from decoder 543. The first signal from decoder 543 
causes demuitiplexor ^ to select translator 541 and the first instruction 
set mode. A sa:ond signal from decoder 543 causes demuitiplexor 540 to 
select instraction cache 542 and the second instruction set mode. When 
processor 104 initialiy poweiis up, processor 104 can power up in the first 
instruction set mode or the seccmd instruction set mode dependmg on the 
Mtiaiization procedures. An initial valuers tfansmitted to decoder 543 
and decoder 543 in turn traiismits the first signal or the second signal in 
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respoiise to the value. M this example, processor 104 powers up in the 
first instruction set mode. Thus, demultiplexor 540 initially receives a 
first signal from decoder 543 and selects tt^nslator 541 , liistmctions 
transmitted foom external m^emory through demultiplexor 540 is 
transiated into irsstructions of the second instruction set by translator 541. 
Translator 541 comprises circuitry for translating instructions of the first . 
instruction ^et into instructions of the second instruction set. The 
translated instructions are then transmitted to instfuctlGn cache 542. 
histmction cache 542 stores the instructions until iSiey are decoded and 
executed. At the appropriate' tmie for decoding instructions, instructions 
in instruction cache 542 are transmitted to decoder 543 for decoding of 
mstruchons from instruction cache 542. The mstmctions from instruction 
cache 542 are instructiohs of tiie seeond instruetion set. After decoding, 
instructions of the second instruction set are transmitted to execution unit 
544. Execution unit 544 executes the decoded instruction from decoder 
543. Execution unit 544 is also coupled to regisfer 545 which stores 
values when processor 104 is in the first instru<^6n set mode- Execution 
tmit 544 is also coupied to regpbter 546 whi 

processor 104 is in the second instruction set mode. Thus, in response to 
a x86mf, x86smt or x86fmf instruction, execution unit 544 can retrieve 
values fKjsn renter 545 used while executing processor instructions of 
the second instruction set. likewise^ in response to a x86mt, x86smt or 
x:86fmt instruction, execution unit 544 can also store values into register 
545. 



PCT/USM/0I51S 



. ■ . . • . -34- . 

When decoder 5^ decodes a jmpx instruction, decoder 543 setids 
a second signal to demultiplexdr 540. Inhe second signal causes 
demuitiplexor 5^ to select instmction cache 542 and to transmit ' 
instructions from external memory to instruction cache 542, In this 
manner, processor 104 switches to the second instruction set mode 
When decoder 543 decodies a x86jmp instmctidii, decoder 543 transmits a 
first signal to demultiplexor 540. In response to the first signal, 
demultiplexer 540 selects translator 541 and transmits instructions from 
external memory to translator 541, In ifeKis manner, processor 104 can 
return back to the first instruction se^^ 

Processor 104 can further comprise a jmpx disable register. The 
jmpx disable register is coupled to decoder 543. When the jmpx disable 
register is set, the jmpx instruction is nullified and a jmpx instruction 
results in a disabled 64 bit ISA fault. Processor 104 does not switch to 
second instruction set mode in responi^ to a jmpx instruction. Likewise, 
processor 104 can further comprise a x86jmp disable register. The x86jmp 
disable register is coupled to decoder 543. When the x86|mp disable 
register is set, the xSSjmp instruction is niilMed and a x86jmp instruction 
results in a dibbled x86 ISA fault. Processor 104 does not switch to the 
first instmction set mode in r«iponse to a x86|mp iristruetion. 

Altemativelyj register 545 stores values when processor 104 is in 
the first instruction set mode and also stores values When processor 104 is 
in the second instruction set mode. In this case, register 545 performs the 
functions of register 546 and register 546 is eliminated or incorporated 
into register 545. Thus, because one set of registers is being used, the 
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x86ml, x86mf; x86smt^ x86smf, x866nt and x86finf mstructions would not 

be used. 

Figure 6 iiiustrates in block diagram form a processor of a sixth 
embodiment of iiie present invenlion. Tlie processor of the sixth 
embGdiinent is similar to the processor of the fiMi embodimeiit with the 
following exceptions. Instruction cache 642 is cotipled to external 
memory, Demtiitiplexor 640 is coupled to instructiors cache 642. 
Translator 641 and decoder 643 are coupled to demuitiplexor 640. 
Decoder 643. is also coupled to translator 641 . Execution ttmt 644 is 
coupled to decoder 643. Register 645 and register 646 are coupied to 
executiGn unit 644v ■ ■ ■ 

Mstruction cache 642 receives instructions from external memory. 
Hie instractioris can be instructions of Qte first instruction set or 
instaictions of the second instruction set. Demultiplexor 64G receives 
instructions from instruction cache 642. Demultiplexor 640 selects either 
translator 641 for transiating^e instructions from instruction cache 642 
into instructions of the second instruction set or selects decoder 643 for 
decoding the mstructions from mstruction cache 642. The selection of 
demultiplexor 640 is based on the signal received by demultiplexor 640 
from decoder 643. The first signal from decoder 643 causes 
demultiplexor 640 to select translator 641 and the fiist instruction set 
mode. A second signal from decoder 643 caused demultiplexor 640 to 
select decoder 643 and the second instruction set mode. When processor 
104 initially powers up, processor 104 can power up in the first 
iristmction set mode or the ^ond instruction jset mode depending on the 
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initiaiizatiori procedures. An initial value is teansmitted to decoder 643 
and decoder 643 in turn transmits the first signal or the second signal in 
response to the value. In this example, processor 104 powers up in the 
first instruction set mode. Thus, dernuMpiexor MQ mitiaily receives a 
first signal froin decoder ^3 and selects translator 641. Instructions 
tfansiriitted from instruction cache 642 through demuitiplexor 640 is 
translated into instructions of the second instruction set by translator 641. 
Translator 641 comprises circuitry for translating instructions of the first 
instructioit set into inj^tructiohs of the second iiistruGtion set^ The 
translated instructions are, then transmitted to decoder 643. After 
decoding, instructions of the second instruction set are transmitted to 
execution unit 644. Execution unit 644 executes the decoded instruction 
from decoder 643. Execution unit 644 is also coupied to register 645 
which stores values when proceaM)r 104 is in tiw first mstruction set 
mode. Execution tmit 644 is also coupled to register 646 whidi stores 
values when processor 104 is in the second instruction set mode. Thus, in 
response to a x86mf, x86smf, or x86fef instruction, execution unit 644 can 
retrieve values from register 645 used wMie executing processor 
instructions of th^ second instnictiph set. Likewise, in response to a 
x86mt, x86smt or xB6fint instruction^ execution unit 644 can also store 
values into register 645. 

When decoder 643 decodes a jmpx instruction, decoder 643 sends 
a second signal to demuitiplexor 640. The second signal causes 
demuitiplexor 640 to select decoder 643 and to transmit instructions irom 
instruction cache 642 to decoder 643. in this manner, processor 104 
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switches to the second mstmction set roode. When decoder 643 decodes 
a x86imp instruction, decoder 643 transmits a first signal to demultiplexor 

640. In response to the first signal, demuitiplexor 640 selects translator 
642 and transmits instructions firom instnicSion cache 642 to transiator 

641, In this manner, processor 104 can return back to the fifist instruction 
set mode. 

Processor 104 can further comprise a jmpx disable register. The 
jmpx disable reg^ter is coupled to decoder 643, When the jmpx disable 
register is set the jmpx mstruction is nullified and a jmpx insttuction 
results in a disabled M bit ISA fault. Processor 104 does not switch to the 
second instruction set mode in response to a jmpx iiistruction. Likewise, 
processor 104 can fuffiner comprise a x86jmp disable register. Hie xS6jmp 
disable Tegister m edupled to deeoder 643, When the x86jmp disable 
register is set, the x86jmp instruction is niilMfied and a x86imp instruction 
results in a disabled x86 ISA fault. Processor 104 does not switch to the 
first instruction set mode in response to a x86jmp instruction. 

Altematlyeiy, register 645 stores values when prcKjessor 104 is in 
tbs first instruction set mode and also stores values when processor 104 is 
in the se:ond instruction set mode, in this case, register 645 performs the 
functions of register 646 and register 646 is eliminated or incorporated 
into register 645. Thtis; because one set of registers is Iseirig used, the 
x86mt, x86mf, x86smt, x86smt x86fmt and x86fml instructions would not 
be used. • , 

Figure 7 illustrates in block diagram form a processor of a seventh 
embodiment of the present inventiort The processor of the seventh 
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embodiment is similar to the processor of the sixth embodiment with the 
f oliowing exceptions. Instruction cache 742 is coupled to external 
memory- Demultiplexer 740 is coupled to instmciion cache 742. 
Translator 741 and decoder 743 are coupled to demultipiexor 740. 
Execution unit 744 is coupled to decoder 743 and translator 741 . Register 
745 and regbter 746 are coupled to execution unit 744, 

• Instruction cache 742 receives instructions from external memory. 
The instructions can be instructions of the &st instruction set or 
instructions of the second instruction set. Demuitipiexdr 740 receives 
instructions from instruction cache 742. Demultiplexpr 740 selecte either 
translator 741 for translating and decoding the instructions from 
instruction cache 742 or selects decoder 743 for decoding the instructions 
from instruction cache 742. The selection of demultipiexor 740 is based 
on the signal received by demultiplexpr 740 from decoder 743 and 
translator 741. The first signal from decoder 743 causes demuitiplexor 
740 to select translator 741 and the first instruction set raode. A second 
signal from translator 741 caus^ demultiplexer 740 to select decoder 743 
and the second instruction set mode, When processor 104 initialiy 
powers tip, processor 104 can poorer up in the first instmction set mode 
or the second instruction set mode depending on the utf tialization 
procedures. An initial value is transmitted to decoder 743 and translator 
741, Decoder 743 or translator 741 m turn trar^mits the first signal or the 
second signal in response to the value. In this example/processor 104 
powers up in the first instruction set mode. Thus, demuitiplexor 740 
initially receives a first signal from decoder 743 and selects translator 741. 
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Instmctions transmitted from mstruction cache 742 through 
demultipiexor 740 is translated and decoded by translator 741. 
TransiatGr 741 comprises circuitry for tiaiisiating and decoding 
instaisctions of fee first instrpction set. The translated and decoded 
instructions are then transmitted to execution unit 744 which executes the 
decoded instructions. Execution unit 744 is also coupled to register 745 
which stores values when processor 104 is in the first instruction set 
mode. Execution unit 744 is also coupled to register 746 which stores 
values when processor 104 is in flie second instruction set mode. Thus, in 
response to a x86mf, x86smf, or x86fmf instruction, execution unit 744 can 
retrieve values from register 745 used while executing processor 
instructions of the second instruction set. Likewise> in resportse to a 
x86mt, x86sijit or x86fait instruction, execution unit 744 can. also store 
values Into register 745. 

When tmasiator 741 receives a jmpx instruction, translator 741 
sends a second signal to demultiplexor 740. Th^ second signal causes 
demultipiexor 740 to select decoder 743 and to transmit instructions from 
instruction cache 742 to decoder 743. In this manner, processor 104 
switches to the second instruction set mode. When decoder 743 decodes 
a x86jmp instruction, decoder 743 transmits a first signal to demultiplexor 

740. in response to the first signal, demultiplexor 740 selects translator 
741 and transmits instructions from instruction cache 742 to translator 

741. In this m.anner, processor 104 can return back to the first instruction 
set mode. , '• . . ■ - 
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Processor 104 can ftirther comprise a jmpx disable regfeter. Th^ 
jmpx disable register is coupled to transiator 741 . ¥/hen the ]mpx disable 
register is set, the jmpx instruction is nullified and a jmpx instruction 
results SB a dsabled 64 bit ISA fault. Processor 104 does not switch to the 
second iiistniction set mode in response to a jmpx instruction, Lijkewise, 
processor 104 can fu^her comprise a xSSjmp disable register. The x86|mp 
disable register is coupled to decoder 743. When the x86imp disable 
register is set, the x86}mp instruction is nullified and a x86jmp instruction 
results m a disabled x86 ISA fault. Processor 104 does not switch to the 
first instruction set mode in response/to a x86jmp instruction. 

Alternatively, register 745 stores values when proeessoi^ 104 is in 
the first instruction set mode and also stores values when processor 104 is 
in the second mstruction set mode, in litis case, register 745 performs the 
functions of register 746 and register 746 is eliminated or incorporated 
into register 745. Thus, because one set of registens is being used^ the 
x86mt, x86mt x86smt/ x86sm£, x86fmt and x86fmf instructions would not 
be used. 

In the foregoing deseriptioh^ the invention is described with 
yefeimce to specific exemplary embodiments thereof. It will, however, 

be evident that various modifications and changes may be made thereto 
without departing from the broader spirit and scope of the invention as 
set forth in the appended claims. The specifications smd drawings are, 
accordingly, to be regarded in an illustrative rather than a restrictive 
s^ise* 
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Whereas many alterations and modifications of the present 
invention will be comprehended by a person skilled in the art after 
having read &e foregoing description/ it is to be understood that the 
particular embodfanents shown and described by way of ilii^tration are 
in no way intended to be considered limiting. Hierefore, references to 
details of particular embodiments are not intended to limit the scope of 
the claims, which in themselves recite only those features regarded as 
essential to the invention^ 



Thus, a method aind apparatus for transitioning between 
instruction sets in a processor has been described. 
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What is claimed is: 

1. A data processor Gomprising: 

a bus interface unit capable of receiving a first instruction of a first 
instructioh set and a second instruction of a secohd instruction set, 
wherein said first instmction and said second instruction orig^hate from a 
single computer program; 

an internal bus coupled to said bus interface unit capable of 
transmitting said first instmction of said first mstruction set and said 
second instruction of said second instruction set from said bus interface 
unit; and ... 

an inshiictiGn imit coupled to said internal bus capable of 
decoding and executing said first instruction of a first aistruction set and 
said second instruction of a second instruction set. 

2. The processor of claim 1 wherein said first instruction set is a 
complex instruction set and said second instruction set is a reduced 
instruction set 

3. The processor of claim 1 wherein said first instruction set is a 16 

and 32 bit instruction set and said second instmction set is a 64 bit 
instruction set 



4. The processor of eiaim 1 wherein said ii^iniction unit comprises; 
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an iristructiori cache coupled to said interna! bus capable of storing 
said first instraction and said second insiniction; 

a first decoder coupled to said instruction Gache capabie of 
decoding said Bxst instruction of said fii^t instmction set; 

a second decoder coupled to said instruction cache capable of 
decoding said second instmction of said second instruction set; 

a multiplexor coupled to said first decoder and said second 
decoder capable of selecting from said first decoder and said second 
decoder in response to a signal; and 

an execution unit coupled to said multiplexor capable of executing 
a selected decoded instruction from said multiplexor. , 

5.. . The processor of claim 4 wherein said instruction tmit farther 
comprises: 

an instruction set mode selector coupled to said hrst decoder, said 
second decoder and said multiplexor capabie of transanitting said signal 
to said multiplexor in response to an instruction to switch a current mode 
from said first decoder or said second decoder. 

6. The processor of claim .5 wherein said instruction unit further . 
comprises a demultipiexor coupled to said instruction cache capable of 
selecting said first decoder or said second decoder in response to said 
signal and wherein said instruction set mode selector is capable of 
transmitting said signal to said demultipiexor in response to an 
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instraction to switch a oirrent mode from said first decoder or said 
second deeoder* 

7. The processor of claim 1 wherein said instruction unit comprises: 
a first instruction cache coupled to said internal bus capable of 

storing said fet instruetion; 

a iixst decoder coupled to said first instruction cache capable of 
decoding said first instruction; 

a first execution unit coupled to said first decoder capable of 
executing said first instruction^ wherein said first execution unit is 
responsive to a si^al to initiate execution; 

a second instruction cache coupled to said internal bus capable of^ 
storing said second instruction; 

a second decoder coupled to said ^ond instruction cache capable 
of dea>ding said second instruction; and 

a second execution unit coupled to said second decoder capable of 
executing said second instruction/wherein said second execution unit is 
responsive to said signal to initiate execution- 

8. The processor of claim 7 wherein said first execution unit 

transmits to said second execution unit said signal to initiate execution in 
response to a first switch instruction and wherein said first execution unit 
siJspends execution m resporee to said first switch instruGtio 



W096/2489S 



-45- 

9. The processor of claim 7 wherein said second execuiidn xmit 
transmits to said first' execution imit said signal to initiate execution in 
response to a second switch instruetion and wherein said second 
execution unit suspends execution in response to said second switch 
instruction. 

10. The processor of claim 1 whcarein said instruction unit comprises: 
a translator coupled to said internal bus capable of translating said 

first institiCtion of said first instruction set into corresponding 
. instructions of said second instruction set; . 

an instruction cache coupled to said internal bus and coupled to 
said transiator capable of storing said second instruction of said second 
instruetiGn set and capable of storing said corresponding instructioBs of 
said second instruction set; and 

an execution unit coupled to said instruction cache capable of . 
executing said second instruction of s4id second instoiction set and 
capable of executing said correspondmg instructions of said second 
instruction set - 

XL The processor of claim 10 wherein said instruction unit further 
comprises: 

a decoder OQupled to said instruction cache capable of deco 
said second instruction of said second instruction set and capable of 
decoding said corresponding instructions of said second instruction set. 
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12. The processor of claim 10 wherein said tramlator eqmprises a state 
machiBe* 

13. The processor of claim 10 wherein said translator comprises a logic 
device. 

14. The processor of claim 10 wherein said processor further 
comprises a control read only memory device storing microcode 
instructions and wherein said tranislator receives said microcode 
instructior^ to traiislate said first instruclion of said first instruction set 
, into corresponding instructions of said second mstruction set. 

. 15- The proeiessor of claim 1 wherein said instruction unit comprises: 
an instruction cache coupled to said internal hm and coupled to 
said translator capable of storing said second iitstruction of said second 
instruction set and capable of storing said first instruction of first 
instruction set; 

a translator coupled to said instruction cache capable of translating 
sadd first instruction of said first instruction set into corresponding 
InstTuctions of said second instruction set; 

a decoder coupled to said instruction cache and said translator 
capable of decoding said second instruction of said second instruction set 
and capable of decoding said correspdnding instructions of said second 
instruction set; and 
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an exeGUtion unit coupled to said decoder capabie of executing 

said second instruction of said second instruction set and capable of 
executing said corresponding instructions of said second instruction set. 

16, A cornputer system comprising: 

a bus providing commtmication iinks between components in said 
computer system; 

a keyboard controUer coupled to said bus ailpwing coupling of a 
keyboard to said domputer systiem; 

external memorj' coupled tp said bus capable of storing 
information; and " ' 

a microprocessor coupled to said external memory and said bus 
capable of decoding and exectitsng a first iiistrtiction of a first instruction 
set and a second instmctidn of a second inshiictioh set, wherein said first 
instruction and said second instruction originate from a single computer 
program. 

17, The computer system of clafen 16 wherem said fi^t instruction set 
is a complex instruction set and said second instruction set is a reduced 
mstruction set 

18, The computer system of claim 16 wherein said mieroproc^or 
comprises: 

an instruction cache capabie of storing said first instruction and 
said secondinstruction; 
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a first decoder coiipied to said instructiori cache capable of 
decoding said first itistraction of said first instriietion set; 

a second decoder coupled to said instruction cache capable of 
decoding said seGOnd instruction of said second instruction set; 

a first multiplexor coupled to said Erst decoder and said second 
decoder capable of selecting from ^id first decoder and said second 
decoder in response to a signal; and . 

an execution unit coupled to said multiplexor capable of executing 
a selected instruction from said jnultiplexor 

19. The Computer system of claim 16 wherein said miax>processor 
comprises: 

a first instruction cache capable of storing said first instruction; 

a first decoder coupled; to said first,instruction cache capable of 
decoding said first instruction; . 

a first execution unit coupled to said first decoder capable of 
executing said &st instruction, wherein said first eicecution unit is 
responsive to a signal to initiate execution; 

a s&cond instruction cache capable of storing said secon 
instruction; 

a second decoder coupled to said second mstruction cache capable 
of decoding said second instruction; and ' 

a second execution tmit coupled to said seeond decoder capable of 
executing said second instruction, wherein said second execution unit is 
responsive to said signal to initiate execution. 
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2D. The computer system of daim 16 wherein said microprocessor 
comprises: 

a translator capable of translating said fet instruction of said first 
instruction set into corresponding instftictiom of said second iitstruction 

set; 

an instniction cache coupled to said translator capable of storing 
said second instruction of said second instruction set and capable of 
storing said corresponding ihstnictions of said second instruction set; 

and 

an execution unit coupled to said instruction cache capable of 
executing said second instruction of said second mstfuctidn set and 
capable of execufeig said corresponding bistnictions of said second 
instruc^on set. 

21, The computer system of claim 20 wherein said micropfQcessor 
further comprises: ■ ^ 

a decoder coupled to said instruction cache capable of decoding 
said second instruction of said second instruction set and capable of 
decoding said corresponding mstructions of said second instruction set, 

22. In a processor, a meiftiod for executing instructions of a computer 

program comprising: , ' 

executing a first instruction of a first instruction set; 
executing a first switch mstruetion; 
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switching from a first instruction set mode to a second instrpction 
set mode; and 

executing a second instniction of a second instruction set, 

23. Hie method of claim 22 wherem said first switch ijistraction is 
jmpx. 

24. The method of claim 22 wherein said first switch instruction is 
xS6|mp. 

25. The method of claim 22 further comprising: 

executing a second switch instruction; 
switching from said isecond mstruction ^^^^^ 
instruction set mode; and 

executirig a second instruction of said first instniction set. 

26. The method of claim 22 wherein, said second instruction of said 
second iratruction set ^ an instruction to move values from a register of 
said first instruction set to a register of said second instruction set. 

*=- •, ■'■ ■ 

27. The method of claim 26 wherein said instruction to move values is 
x86inf. 

28. The method of claim 26 wherein said instruction to move values is 

x86smf. 
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29. The method of claiiii 26 wherein said mstniction to move values is 

x86fmi : . - ■ 

30. The method of claim 26 wherein said instniction to move valuesis 
x86mtv 

31 . The method of claim 26 wherein said instruction to move values is 
x86smt ' ■ 

32. The method of claim 26 wherein said instruction to move values is 
x86lmt. ■ . , ' 

33. In a processor, a method for exectitkig instructions of a computer 

program comprising: 

executing a first instruction of a first instruction set in a first 
instruction set mode; , 

receiving a finst interruption indication in said fhst instruction set 
mode) . ' ■ . /--".' 

servicing said first intemiption indication in a second instruction 
i^et imode; -. ' ^ . - 

xeturrdiig to said first instmction set mode; 

receiving a second mterruption indication in said first instruction 
set mode; mid 
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servicing said seeqnd intermptiQn mdication in said iimt 
imtruction set mode 



34. The method of claim 33 wherein said first instruction set mode is a 
complex instmction set mode and said second instruction set mode is a 
red tjced instruction set mode. ' . 

35. The method of claim 33 wherein said first instruction set mode is a 
reduced instruction set mode and said second instmction set mode is a 
complex instruction set mode. 

36. The method of claim 33 wherein said first instruction set mode is a 
64 bit instmction set mode and said second ii\struction set mode is a 16 
and 32 bit iiistmction set iriodfe, 

37; The method of claim 33 wherein returning to said first instruction 
set mode comprises: 

executing; an IRET instruction. 

38. The metiiod of clattn 33 wherein said liist instruction set mode is a 
16 and 32 bit instruction set mode and said second instruction set mode is 
a 64 bit instruction set mode. 

39. The method of claim 33 wherein semdng said first interruption 
indication in a second instruction set mode comprises: 



detenninmg said first mteiruption; 

determiniitg a descriptor entry number for said first mterruption; 

storing a 64 bit intercept gate ai^ociated with said descriptor entry 
riumber wherein said intercept gate refers to a memory address; and 

execatmg a service routine in said 64 bit instruction set mode for 
said first event starting at said memory address. 

40. The method of eiatm 33 wherein servicing said second 
interruption indication in said first instruction set mode comprises: 

deteimining said second interruption; 
detenniiiing a descriptor entry number for said second ' 
interruption; 

storing a deseriptor gate associated wi& said descriptor entry 
number wherein said descriptor gate refers to a memory address; and 

executing a sen-'ice routine in said 16 and 32 bit instruction set 
mode for said second event starting at said memory address. 

41 . The method -of clauii 33 wherein returning to said first instruction 

set mode comprises: 

executing an E VRET insiaiiction. 

42. A data processor for executing ir^tructions of a computer program 

comprising: 

means for executing a first instruction of a Hrst instruction set; 
mearis for executing a first switch instruction; 
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means for switching from a first instraction set mode to a second 
mstmction set mode; and 

means for executing a second instruction of a second instruction 
set. < . ' 

43. A data processor for exeeutiiig instructions of a eomptiter program 
comprising: 

means for executing a first instruction of a first instruction set in a 
first mstructidn set mode; 

means for receiving a first event indication in said first instruction 
set mode; : 

means for servicing said first event indication in a second 
instructiQn set mode; 

means for rettariing to said first instruction set mode; 

means for receiving a second eveivt indication in said first 
instruction set mode; and 

means for servicing said second event indication in said first 
instructidn set mode. 
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